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ABSTRACT

Our group is studying the structure and interfaces of son x-ray multi layers by various techniques indudi ng
x-ray diffraction and Raman spectroscopy. Raman spectroscopy is particularly usdul since it is sensitive to Ihe
identity of individual bonds and thus can potentially characterize the abrupmess of interfaces in multil:JYcrs.
Blocking inte:rfacial mixing is very important in achieving and maintaining high reflectivity. We repo rt our studies
of the as-depositc:cl and postannc:aled structure of Mo/Si and W /C mullilayers. The ~lo/Si system is probacly th:!
most widdy studied multilayer currently because of its potential applications for soft x-roolY projection lilhogr..lphy
for the range of 13 to 15 nm. A high normal-incidence. peilk refleclance is manuatory for imaging applicationf.t"'::t
involve many reflections. The reported theoretical and ;,.chieved rellectances of th:! Mo/Si system an: SO ~;, ;;nd
65% respect ively. This loss of 15% can bring about a six-fold loss in system throughput in the eig!lI-renecliofl
system contemplated. The interfaces in the Mo/Si system are thought to playa significant role in Ihe degrad :n;;
renectance so characteriution techniques which have: interfacial sensitivity are particularly import:ml. The [..jo.i$i
multilayer system is susceptible to Raman characterization since hoth the a-~i spacer lay:;r and the MoSi: comp!);'nd
which fonns at the interface have Raman active moJ~s. In this paper we report the lirst Rama;t sIIlJ i C'~. to he ,,~, t
of our knowledge, of the a-Si layers and their crptalliution and the: crystallil.1t lOn of the MotSi intO;:I fa e:: or th..::
multilayer brought about by a one-hour 1000 °C anneal. lllc:se chan .. es are apparent in the Raman spectr..l ~;,, (,:,
they can be unambiguously detected by x-ray diffraction.
]. INfROOUCTION
Understanding the formation of refractory metal silicides at the interfa ce~ of thin films is an extrem.!ly
interesting basic science and an important technological problem. Technologically. the lormation of silicide i.;
important in very large-scale integration (VLSI) where silicides are I)(:ing u!' ~ rf 1'; interconnect filmsl.: an.! in
producing beller soft x-ray multi layers. since their presence at interfaces in re:d ~lo ;' ~ i ml.:ltilayers keeps the r , ::~
reflectance from achieving the theo retical maximum of 80% which is predicted fur InL';:i I:J)'cr::; containing al("mi," :!y
ahrupt and smooth interfaces.
B::sides their applications in x-ray imaging technology anu microdcctronic5. multilayers have also pmven
to be a convenient way of studying the nanoseale Prol •..;rties of malt!! ials -- for eX:llnp!e, Ihe crystallization aud
inlerdiffllsion of mailer on atomic scales. ),.
In the currenl x-ray imaging revolution periodic bilayer multilayers have played an important role. S These
multilayer mirrors. which are used to reflect light with the w:J"dcngths in soft :< r:l)'s. typically consisl of periHtlic
multiple hi layers. e..lc h hi layer composed of a low-Z and high-Z lay!;!!. The rdlectance is ach ievc:d by tile
intc:rference occurring at the sharp interfaces betwee:n Ihese layers. G.:nerally spe:Jkin!:. the sharp!;!r th!;! interfa ces,
the highcr the refl!;!ctance which can be obtained. Any lTI<X.Ii tication or tho! intafaces will directly impact the optical
perform.1nce of the mult ilayer. Techniques which can detect ,10, 1quantjfy the: inh::rmuing::.t interfaces are extrc:r.dy
important for preparing the superior mult ilayers required for soft x-r':j)' projection lithor:roolphy. since a 1O~1 gain
in the reflectance in c:ach of the mirrors ofthc: eight-mirror sy:.t~ms cOfilemrloollcl! for lithography c::Jn trip!..: the light
through the cam.:ra.
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Small angle It-rsy diffraction (SAXRD) and direct inuging by scanning transmission electron microscopy
(STEM) have been successful in characterizing interfaces of soft x-ray multilayers but can give artificially wid~
estimates of interfaces. Raman spectroscopy has also ~n shown to be a useful technique ror charscterizing
multilayers or amorphous semiconductors, such as SitGe,' and multilayers of metal/carbon, such as W/C
multilayers 7 because it can directly ·count· interfacial bonds in some cases. Observing the interfaces of the
multilayers is especially important, but under some circumstances this is very difficult and may require special care.
This is because of the small volume of material within the interfaces and the interface bonds may have a low Raman
cross section.
So far. MofSi is the most efficient multilayer mirror for the soft x-ray range of 13-30 nm.l-u A lart:e
number of ilroups are studying these mullilayers and their applications because of the high theoretical and achieved
peak reflectances of 80% and 65%, r~pectively, over the 12.5 to 16 nm range. This is the preferred range for
projectio n soft x-ray lithography. We are the first group to apply a Raman spectroscopic technique to characterize
soft x-ray Mo/Si multiiayers. 11 We have observed the presence of a-Si in as-deposited multi layers, its disappearance
and the formation of crystalline MoSi 1 in annealed multilayers. The Raman spectroscopy study of conunercial
MoSi z powder has also been carried out to help identify the MoSi: peaks. Bolh large angle x-ray diffraction
(LAXRD) and SAXRD measurements have been performed to aid to understand Raman results. Scanning electron
microscopy (SEM) measurements provide direct picture of the surface topology evolution during annealing.

2. EXPERIMENTAL
The multilayer interfacial regions consist of a miJ.ture of molytw.l.:num and silicon, so that the sludy of
molybdenum silicide is required for Raman studies of Mo/Si multilayers and we began with a study of molybdenum
disilicide (MoSiz) powder. For this reason, this study of multilayers has applications beyond the study of soft x-ray
reflectors since silicides are expected to be imporlant materials for high-speed electronics and very large-scale
integration (VLS I). This is because many refractory melal silicidt!S have been found 10 have very high th .. rmal and
chemical stabili ty and high electrical conductivity. Because of these applications, silicides have received Sllbstantial
attention. and a lafl;e number of studies have been carried Ollt on them. I.: Many si licides such as WSi:, PISi, and
TiSi: have been extensively studied by Raman spectroscopy ,I).I' but there has only heen one puhlished report on
MoSi:. I'
The molybdenum disilicide powder was purchased from Aldrich Chemical Company, [nco The powder's
average particle size is about I I'm and its manufacturer quolt:S the purity as 99+ %. The bulk ollterial was
obtained to provide a standard with which to c(lrnpare the thin film m:llerial.
In addition to studying the as-received MoSi: powder and the as-deposiled thin film samples, :I()t h powder
and films were subjected to vacuum ar:r:-:alinr, to ai r annealing, amI the powder to KOH elching. Tn !s was don~
to aid understanding of the observed features in Raman and x-ray diffraction sp.x:lr.!. The vacuum annealing
consisted of sc:aling the sample in an evacuated quartz lune or gl:l!:s amroule. For the sample anneald ;n air, th~
ampoule was not sealed. The furnace was controlled to 1000 °C and the S:lmple was placed directly in , h,~ hot oven
at the beginning of the annealing time i1nd air quenched hy withdrdwing the amroule directly from the filrnace at
the end nf the annealing time. As an alternative to annealiOlg and to etch olltthe un reacted m.1terials and impurities,
some of the pmvder was mixed with KOH solution (10 At K.OH) filtert:t1 and drietl in air in a 110 ° C oven. This
elching process was ohservw 10 remove most of the residue unrc:aCI~ silicon.
The muhilayer samples were made hy dc tJ',agnt:lwn spuuering for a fixed t;zrger sy~ ~em. Layering was
achieved by rOlating: the substrate in the system at a fixed rate over the sources. The M" /S i multilayers were
prepared for soft x-ray mirror (plasma diagnostic) applications and were shown to haVe e:<~ellen t soft x-ray
renectance. The spuuering targets were molybdenum metal and p-typo= silicon. Thl! sample suhstrates were
ultrasmooth crystalline silicon wafers of r1001 orientation. The pcrioJ II. or d-spacing was mea..c;u red to be 8.4 nm,
as deposited, with a nominaly - d~(dSl+d~w of 0.40. There. weT\! 30 pairs. The totallllultilayer thickness is
thus ahout 250 nm. The lOp layer is amorphous silicon and is twice as thick as other layers to retard oxidation.
The multiLayer samples were also sealed in vacuum and annealed at t.:mperatuTes rung-inJ,:
.n 300 to ICGO °C.

r.\
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From now on we

rd~r

it as thick multilayer sample.

Another group of Mo/Si multilayer sample were prepared to be very thin on purpose to magnify the
interface effects. We will call them thin sample from now on to distinruish from the nom·,al ones described above.
The sample: substnl.tc:s were ultrasmooth crystalline silicon wafers nf 1111] orientation. To use wafer with (Ill J
orientation, we can separate the weak silicides' ",-ray diffraction signals from the strong suh~tra t e signals which are
around 30 0. The pericxl A was measured to he 2.0 nm, as deposited, with a nominal y of 0.46. Tht:re were 60
pain;. The top is still the silicon protection layer. These samples wer.~ also sealed in vacuum and annealed at
temperatures of 300, 600, 900, and 1000 °C.
The Raman spectra were recorded on a SPEX 1877 Triplemate spectrometer. The spectrometer consists
of a modified Cumy-Tumer zero-dispersion double spectrometer as a filter stage and a modified Czemy-Tume:r
spectrograph. The dispersion element used in the spectrograph stage is a 1800 grooves/mm hologr:lphic grating wilh
0.92 nm/mm dispersion. The spectral bandpass selected was -18 cm·L. The S 14.5 nm line (-400 Mw) of an argon
ion laser (LEXEL 96) was used as the excitation source in most stuui¢$. 111e other la!'>er lines were used on
occasion to confirm peak identification. A 1200 groO\'~s/mm rul.:d grating with a small aperture placed outside of
the laser cavity was us..:cl as a presample monochromoltor to eliminate the laser plasma lin.:s. The Iast:r heam ·vas
brought t,~ line focus (1 x 10 mm) on the sample's surface usin;; a c:ylindricallens to m;.:tch the entrance slil ~,f the
tripkmat.- .nonochromator; the scattereU signals were analyz..:cl hy tht· spe:ctromder and d..!t.:cted hy a photomultiplier
(EMf 7981 B). Then pholon-counting electronics were u~ed to ccnvert the light signal into the deC:lr:clll signal. /\
386SX PC was 1I.~ed to control the spectral scanning and data :-"~111!isitinn Ihrough a di=-ital-an:llllg inh:rfdce hux
(T ransEra-MDAS-7000).
Bulh LAXRD and SAXP..D measurements were p.:rformed before and aft<!r 11 .. -;aling on a SCINTAG OMS2000 powder diffractometer using a CuKa source (X = 0.154 nm) with power of :,5. :V-25ml\. SAXRD provides
an accurate measuremcnt of the average bilayer spacing of a multilayer min or."!fi ,\ gen_f:LI rille is Ihat a large
number of orders is indicative of sharp boundaries hetwe.:n the layers.

3. R£SULTS Al'Iin D15CUSSION
The Raman spectra of the commercial molybdenum disilicide powder s.1mp!es ;!re ~hown in Figure 1. The
raw powder (as-received) spectrum (see (a)) possesses four peaks: two small broau p.:aks loc:lted lit 323 ar.d 438
cm·1 (the hil,lher frequency one is stronger), one fairly sharp peak located at 520 Cr.fl. 1Ino 011e s1llJIl peak located
at 822 cm·l • We conclude that the sharp peak at 520 cm·Larises from Ihe unr..ac!.:·: rolycl)'!'>taltinl.' ~i;~c:pn in the
powder. This is suggested by its position and was confirmed hy two ohs<!r"vations: lir~t. the fao.:t tll:II the 520 em·'
peak is lower after Vacuum annealing at 1000 °C (see (b)) and, second. the fact that it is ::ntirely ahSl!nt after dching
in KOH (see (en. Strong alkali will etch crystalline silicon bUI will .. ol etch MoSi~" Olher investi~ators have als('l
reported the presence of un reacted sil icon in as-recei\"ed silicide powdt,!rs.Il·I~ We condud..:: that the high-frequency
peak is due to MoO) impurity. This was suspected becau~e of the p()~itil\n of the lin..: .md was confinned by
annealing in air (see (d». as will h.: discussed ~Iow. The two lnw-frt:llu.:nr:y pC:Jks ore due to MoSI:. Doland and
Nemanich l l reccnlly reported the position of MoSi: prepared hy :J1I!lt:alin~ l\lo on Si waf.:r.. ae; hdnl,l 325 and 440
em· L, which are close to ou r measurements of 323 and 438 em·'. Tht:-;c pt:ab are also do.' c to thoSl: of Wsi~ at 331
and 451 em· 1 I). which has been studied more extensively",·L,. Both ~loSi~ lind Wsi: ha\"e h:t:agonal Slmcture with
space group 14/ mmm (0 ... 17). with the Mo atoms at 2(a) Wyckoff posit inns :md the Si atoms al ':(e). 11'e vihralional
mode. analysis indicates two active Raman mode, r l' (A!,) anll r j ' (EJ.
After the powder sample was annealed in vacuum at 1000 DC for one hour, W ~ saw thai the two MoSi:
peaks becom.: sharper aou stron~er (see (b)). This can be inkrpret.:d as m.:aninlO that durin!:: the anne3ling process
the origin:;.1 small ~rains of cryslalline MoSi: srew inlo larger grnins which pos~t:ss a brgcr Raman cro ..s 5<'CI:on.
Analogous hehavior. grain growth with concurrent sharp.:ning and ~rowlh of th.: Raman signal, has h.:::n sr.oi!n in
the annealing of amorphous and microcry~talline Si. Note Ihlll cv.:n alicr :ml1o.::Jhng th .:: high-freqllt:ncy peak is sti II
ohservable Ihougil smaller. We inl..:rpret this deerea!'>..: in lit..: ~iJic()n pt::Jk inknsi!), a~ the partial re:lcti.m of I'O",\!
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of unreacled silicon during annealing.
To test the hypothesis that tbe 822 cm" peale is due 10 MoO] we annealed tho: same S2.mple again in :air at
500 ·C for one hour. The peaIc became more intense (see (d», Note that in concert with the intensification m:my
other weak peaks also appear. Their positions are 996, 665, 438, 374, 329, 286, 245. 218, 199. 159, and 129 col".
Because the purpose of this experiment was only to verify that the peak at 822 cm" is from MoOl , the resoh,tion
was not optimized. This led to the undistinguishable peaks at 374 and 329 cm", leziorowski reportoo ~aks at .180,
367, 337. and 292 cm·'.:' He also report!!d another pak al 117 cm" which we idenlify:as MAr' laser plasm:a :iM,
We have seen this line regardless of the sample we used. The aperture of Ihe pl •• sma-line dimin:alor i', not
sufficiently narrow to completely eliminate plasma lines near the elastically scallered laser light. Excluding thi:; 117
cm,l line and the MoS i! signal, curve (d) represents a perfect Raman spt:ctrum of MoO]. :,.::.::1 Tho: 338 cm" peak
has been covered by the stronger MoO} signal. In tr3ces (a) and (b) the oxide impurity was 100 small 10 produce
a large Raman signal. and only the strongest peak of the oxide was ohserved. In (h), bt!cause the powder was
annealed in vacuum, there is no way for oxide to be removed, SO the oxide's signal remains.
Raman spectra from M olSi thick mUltilayer.; are shown in Fi1:ure 2. The sp!!Ctrum of the cs-depo~,ited
multilayer sample only gives a broad bump located approximately al 480 cm·1 (see Figure 2 (a)). We attribute this
feature to amorphous silicon.:!4 The silicon layers of Mo/Si multi layers have previously ~en reportee! to h<
amorphous on the basis of transmission electron microscopy.ll Curve (a) provides dirotCt evido;:nce that Ihese layers
are amorphous and. furthermore, indicates that the amorphous silicon is hiChly defective si nce the pe:tlc. is broad
aod weak. The metal Mo belon~s to space group Im3m (O~9) and the Mo atoms are 3t Wyckoff 2(a) posi tions.
This structure does not allow any active modes and we su no evidence o f them. We :llso do not see evidence of
Mo-Si honds in the as-deposikd mullilayers.
We su~iected ou r sample 10 successively higher temperaturo: anneals startins at 200 °C and eventually
reaching 10Ql) 0c. The amorphous silicon peak disappears at about 300 °C and no other ch:mges 3re se':n until
1000 °C. Curve (c) of Figure 2 shows the Raman speclrJ atler the sample's final var.uu m anne<lling 3t !COO GC.
The di~pre:ar:lRce of Ihe Raman peak due to amorphous ~ilicon is noteworthy sincl! it is opposil<! to what is orte:n
observed with the annealing of thicker layers of room-temperature deposited amorphous silicon . This can produce
a beller bonded or structurally more perfect anneal-stahle anlorphous silicon. posses."ing ,:) Raman ~po!'Cl:1lm 'vhich
is more intense and shows two humps. one centered at about 480 cm· 1 and the other !lne luwer at 170 (:1"'. TIle:
intensity of the peaks typically increases and the peaks narrow with IInne:!ling.:· The f:lct that this sam.:
phenomenon does not occur for the metaJ/silicon samples indicates that annealing may produce significantly different
changes in them on an atomic level than it does in pure si licon films and si licon/Jiclo;:ctric multi layers. The los.~
of sisnal indicates that Ihe Raman cross section of the si licon 13yers has decreased. It may be: th:!! the malerial is
becomins more defective - perhaps because metal atoms arc diffusing into the ~jlicon.
After Ihis 1000·C annealing three peaks were seen: two pe3ks at 323 and 438 em" , I'l:sp..."Ctively. which
can be attributed to cry51alline MoSi 1, and one peak at 520 cm·I , which can be allrihuted to crystallin.: silicon,
We believe that Ihe appearance of molybdenum silicide peaks means th",1 extensive interdiffusion has
accurretl and Ihat in the inlerdiffusion region crystallization has bO:J;un. and that the: crystallifes formed ar.: thick
enough to produce detectable Raman signals. The ann~aling process may have produced a portion of the silicon
comp()n~nl of multilayer crystalli ne, There is some possihililY of Ihe: 520 cm·1 peak coming from thc substi.1le
through the film. The 250 nm thickness of Ihc multilayer is sufficient to hlo.:k any R3man emis.~ions from tl,o:
substr3te in the as-deposited film. Inlerdiffusion and reaction at IQOO °C may have made the film mor~ transparenl
at the laser's 514 nm line. however. We have also inspected the sample's 5urface for cracks or pinholes that would
give the laser probe acc~ 10 the substrate. tn addition. the ralio of the amplitude of the: 520 cm'! pe3k 10 the MoSi:
peaks does not vary as the sample's position is changed. If il were due fO pinhole.~ it would vary. The Si!M
pjclur~ o f as·prepared. and afler 1000 °C of multilayer surfaces were shown in rigure J. Cunlparin:; to the re!'ou[t
of :J.S·prt:p:..red multilayer sample, the 1000 GC annealinl,; m:,de hi££<!r grJin.. "ppe::lfeJ on Ihe surface and no
pinhol~ or c~d::s has been seen. This indicates that some crystalliZillion does h:lpp ... n. At the \'alley p3rts of !:Ie:
su rfn c~. the effeclive thickness dec reased which m3de the suhslr:l1c: 5i,gJl:!1 delectahle.
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The SAXRD measurement results of thick multilayer sample are shown in Figure 4. Six peaks can be seen
before annealing. 1000·C annealing makes the multilayer structure deterio rate but there is still one p~k remains
which means the multilayer structure has not been totally d ~t roy ed yet. The LAXRD measurement results are
shown in Figure 5. Before annealing, only two broad peak~ have been ob~rvw (exclud ing substrate crystalline
silicon signals). Peak at 14.2 • is Si(111) from Si layers and peak at 20.3 is metal Mo(J 10) from Mo layers . Arter
1000 ·C annealing, the spectrum displayed multiple new lines inst.:ad of the broad Mo peak. The identifications
are shown in Table I according to standard powder d iffraction fil e." From the LAXRD data we can su the
evidence of exisling molybdenum si licides which are caused hy intenii ffusion and interaction at multilayer interfaces.
Table t. Identifications ofLAXRD data of 1000 ·C annealed Mo/S i multilayer. The first column
lists the peaks detected. The fo llowing columns list the signal identifications rkhll from the
possible silicides.
PeakN d(nm}
I

0 .3207

2

0 .301

3

0.2715

4

0.2447

5

0 .2275

6

0.2177

7

0.2107

8

0.1988

M~Si

t· "foSi:

.

101

Mo,Si)

h ·MoSi~

211
310
002

200
11 0
210

112

202

III

411
211

103 112 004

-

222

200

The same Raman and SAXRD measurements have been performed on the th in mult ilayer samp:.!. The
comparisons o f the results between thick and thin samp l e.~ prov ide some useful infonnation. The Raman spectra
of the thin multilayer sample (see Figure 6) shows a similar tendency of evolution as that of thick multi layer :-ample.
The silicide signal fro m in terface did not appear until aner lOOO·C anneal ing. But there are also some difrereL,c::~~
in thin sample spectra (see Figure 7). These diffc:rence:s can be expl'linl!d by the: fOlct that the film is very I: ~ in.
First o f all. the peak at 520 cm·1 from crystall ine silicon signal was ohserved even hefore annealing. We :Iurihute
this signal to the substrate. Based on its location we presume that the film is too th in 10 hlock the substrate sign:ll
entirely. Secondly. after 1000·C annealing, the silicide's si~na l is stronger than that of the thick film hecause thel.
is less attenuation in it . In addition to the conclusion made above, it should be noted thai the silicon signal is n:lt
as strong io the thin sample case as for the thick sampk. This supports the assertion thaI Ihis pdk originates hoth
from the suhslrate and crySlalli z.ed Si layers in the thick. annell.lt:d mL! ltilayer sample. In the thin sample annealing
has made most o f the Si layer react to fonn silicide which Ihen crysl1l1iud.
Figure 8 shows the SAXRD results of the thin mll!lilayer ;;ample. As the :lnnealing temperature increases
the diffract Lon ~ak produced by the multilayer structllr..: dec re:l~es IIntil it disappears. This indicates that the
multilayer .~I ructu re has ~ n totally dt:&troyt:d. Anneai ;nr al the same tern[lCratllre did not eliminate the multilayer
structure in the th ick sample. The conclusions obtai ned I om these data agree with those nhtained frnm the above
discussion~.

Several authors have reported that annealing M<,/Si multilayers under 600 "c will transform compl etely
inlO polycryslalli ne mixtures of Mo,Si, and both the hexagonal and tet ragonal phases of MoS~. II We have nOI seen
the appc:a.r.mce of any mo lybdenum silicide unt il liner :In:lealing at 900 ·C or ahove,:l ,md o nly tetragonal si licide
has been obtai ned al these temreratur~. This Iransilin.1:;:mperature is prnh:ahly affedcu hy the $:Imple deposition
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environment (sputtering gas pressure etc.) and vacuum annealing. It has been reported ':·It Mo/Si systenu
fabricated by different methods shows different phase transitio n temperatures. Further anne.:.:::ng studies may be
required to see the hexagonal phase by Raman.
Raman spectroscopy may prove to be • useful and new method of characterizing Mo/:; i rr.ullilayers. As
the data acquisition speed increases dramatically (by using CCO ddector instead of PMT) it can be furthe r
develope,(] as an ifl -silu characterizing technique during multi layer fabrication.

4. CONCLUSIONS
The Raman spectroscopy technique has been first applied to study polycrystalline Mo~:! powder and
characterize the as-prepared and annealed Mo/Si soft x-ray multilayer mirrors. The [WO active n:il,Uln modes of
MoSi: located at 323 and 438 cm·1 have been observed in powder MoSi: and in aMelle<.! Mo/Si mu[tnayers. The
observation of the signal due to amorphous silicon in as-deposited multilayers and its loss later with relatively
modest heating indicates that significant ato mic reordering is occurrinlol at relatively modest t em~n1tures. This
observation and the observation of MoS~ in the annealed multilayer indicate that Raman spectroscopy can be a
usefullechnique in characterizing Mo/Si muililayers and studying their interfaces.
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Fogure L 1Um... opedn 01 MoS~ powd= (a) ... =Md, (b) annukd in ncuum at 1!XXl
·cror 1 h. (e) etched in lOMKOH and dried ia. air, (d) 1Mt'led ia. air at SOO·C(OI' 1 b..
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f"'pe 2. The Raman spectra of thlc.k Mo/ Si multilayer. (a> as-dcposited. (b) annealed in
vacuum at 4OO - C (or 1 b, (e) &I1.Dealcd in vacuum. at l(XX)· C for 1 h.
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Figure 3. SEM images of thick MojSi multilayer sample: Ca) as-deposited, (b) annealed in
vacuum at 1(00 - C for 1 h.

I a)

I b)

-J"

•

··

'.

•

- ,' .
~

530 I SPIE Vol, ! 848 Laser-Induce d Damase in Optical Materials: 1992

•

,\.,

•

•

.'

t, •

,

...

~

,~

....,

-i

'..

•

.. :.•. ,
~

Figure 4. Small angle x-ray diffractions (.1. - 0.154 nm) measured from thick Mo/Si multilayer:
(a) as-deposiled, (b) annealed in vacuum at lOOJ· C (or 1 h.
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Figure S. Large angle z:·ray diffractions measured &om tlUck Mo/ Si multilayer and MoS~
powder. (a) as.depositc.d multilayer, (b) &reccived MoS~ powder. (e) multilayer annu1ed in
vacuum at lCXX)· C for 1 b.
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F'J.gW'e 6. The Raman spectra of thin MojSi multilayer. (a) as-deposited, (b) annealed at 300
annealed at 1(XX).c.
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F"gur~ 7. The Ramu spectra of both thick and thin multilayer samples after tOOl· C vacuum
.nnealing: (a) thin .... pJe. (b) thid sample.
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Firure 8. SAXRD measured from the thin Mo/Si multilayer: (a) as-deposited. (b) annealed at
300 ·C for I h, (c) annealed at 600 ·C for 1 h. (d) annealed at 900 ·C for I h. (e) annealed at
1000 ·C for 1 h.
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DISCUSSION

This assumption that these very thin 0.2 om layers arc going to be
representative of the interface may not be correct. You bave diffusion and
sputtering effects that are different.
Would, you comment.
Q

A
We have made even thinner layers. In multilayers with low angle
me asurements you can actually see both layers; there arc no diffraction peaks.
For this one there are diffraction peaks. which indicates that even though it IS
very thin the multilayer structure is still maintained.
The sputtering
involvement will give some defect on the multilayer. The purpose of doing
this sample is to try to magnify the interface effect. not to care about the
reflectivity and those kind of things.
Q
The 1000° C annealing temperature is probably not a temperature that
these mirrors are ever going to see in the application. lithography or
whatever.
Are you going to see any effect on real mirrors or is there an
integrated effect of like 100° C times 10 hours rather than 1000° C times one
hou r?

A
People report that even at lower temperature the longer times of
annealing ( some people anneal for 1000 hours) does produce some silicide
from the interface.
We see it for 5 hours annealing. Thus the lower
tempe rature will produce some interface signals.
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